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,QWURGXFWLRQ
5HFHQWO\PDMRU HDUWKTXDNHVKDYHRFFXUUHG IUHTXHQWO\DURXQG WKHZRUOG LQFOXGLQJ LQ -DSDQ7KHUHIRUHGHVLJQ




DQG WKH VXEVWUXFWXUH RI H[LVWLQJ EULGJHV KDV EHHQ SHUIRUPHG EDVHG RQ WKHLU FRQGLWLRQV 6HLVPLF UHLQIRUFHPHQW WR
H[LVWLQJ EULGJH IRXQGDWLRQV KRZHYHU KDYH QRW EHHQ FRQGXFWHG GXH WR WKH ODFN RI XQGHUVWDQGLQJ RI VHLVPLF
SHUIRUPDQFHRIH[LVWLQJEULGJHIRXQGDWLRQVDQGGHYHORSPHQWRIUDWLRQDOFRQVWUXFWLRQPHWKRGVIRUVWUHQJWKHQLQJWKH
VHLVPLFUHVLVWDQFHRIH[LVWLQJEULGJHIRXQGDWLRQV,QOLJKWRIWKHDERYHZHKDYHGHYHORSHGDVHLVPLFUHLQIRUFHPHQW
PHWKRG IRU H[LVWLQJ SLOH IRXQGDWLRQ QDPHG DV WKH FRPSRVLWH SLOH PHWKRG >@ ,Q WKLV QHZ PHWKRG VXUURXQGLQJ
JURXQGRIWKHH[LVWLQJSLOHIRXQGDWLRQLVUHSODFHGZLWKLPSURYHGVRLOFROXPQV7KHPDLQSXUSRVHRIWKLVPHWKRGLV
WR LPSURYH VXE JUDGH UHDFWLRQ DW SLOH KHDG DQG LQFUHDVH WKH VHLVPLF UHVLVWDQFH RI WKH SLOH IRXQGDWLRQ GXULQJ
HDUWKTXDNH WKLV GLIIHUV IURP PHWKRGV WKDW LQWHJUDWH UHLQIRUFLQJ PDWHULDOV LQWR WKH H[LVWLQJ IRXQGDWLRQ ,Q WKLV
FRQVWUXFWLRQ PHWKRG WKH FRQVWUXFWLRQ FRVWV DUH ORZHU DQG WKH ZRUNDELOLW\ LV VXSHULRU WR WKRVH RI FRQYHQWLRQDO
FRQVWUXFWLRQPHWKRGV 3HDW JURXQG DQG OLTXHILDEOH JURXQG DUH W\SLFDO VRIW JURXQGV 3LOH IRXQGDWLRQV LQ VXFK VRIW
JURXQGVXVXDOO\SRVH ODUJH ODWHUDOGLVSODFHPHQWDWSLOHKHDGVGXULQJHDUWKTXDNHGXH WR WKHZHDNQHVVRIVXEJUDGH
UHDFWLRQ WR WKHSLOHV ,Q WKLVVWXG\ WKHQHHGVIRUVHLVPLF UHLQIRUFHPHQW WRH[LVWLQJSLOH IRXQGDWLRQVFRQVWUXFWHG LQ
VXFK VRIW JURXQGV DQG WKH WHFKQRORJLHV IRU GLDJQRVLQJ WKH DVHLVPLF FDSDFLW\ RI H[LVWLQJ SLOH IRXQGDWLRQV ZDV
H[DPLQHG 7KH HQJLQHHULQJ IHDVLELOLW\ RI WKH FRPSRVLWH SLOH PHWKRG IRU H[LVWLQJ SLOH IRXQGDWLRQV ZDV YHULILHG
WKURXJK ODUJH VFDOH VKDNLQJ WDEOH H[SHULPHQWVXQGHU VWURQJ VHLVPLFPRWLRQ7KHYDOLGLW\RI WKHSURSRVHGPHWKRG
ZDVGLVFXVVHGRQWKHEDVLVRIWKHWHVWUHVXOWV7KLVSDSHULQWURGXFHVWKHGHWDLOWHVWSURJUDPDQGILQGLQJV
$QDVHLVPLFUHLQIRUFHPHQWPHWKRGIRUH[LVWLQJSLOHIRXQGDWLRQV
2.1. Needs for seismic reinforcement 
7KHKLJKZD\QHWZRUNLQ-DSDQLQYROYHVDERXWEULGJHVDQGPDQ\RIWKHPKDYHUHPDUNDEO\SRRUVHLVPLF
UHVLVWDQFHDVWKH\KDYHEHHQLQVHUYLFHIRUWR\HDUV7KHUHIRUHPHDVXUHVDUHVRXJKWWRPDLQWDLQWKHVHJUHDW
DVVHWV XQGHU VHYHUH ILQDQFLDO FRQVWUDLQWV DQG WKH VHLVPLF UHLQIRUFHPHQW RI SLHUV DQG LQVWDOODWLRQ RI FROODSVH
SUHYHQWLRQGHYLFHV IRUH[LVWLQJEULGJHVKDYHEHHQFRQGXFWHG LQDGYDQFH ,QVRPHEULGJHVZLWKVHULRXVGDPDJHRU
GHWHULRUDWLRQ UHFRQVWUXFWLRQ ZHUH FRQVLGHUHG DQG SHUIRUPHG ,Q WKH FDVH RI EXLOGLQJ QHZ EULGJH IRXQGDWLRQV D
FHUWDLQ GHJUHH RI SODVWLF GHIRUPDWLRQ LV DOORZHG IRU ODUJHVFDOH VHLVPLF ORDG HTXLYDOHQW WR /HYHO  HDUWKTXDNH
PRWLRQV ,Q H[LVWLQJ EULGJHV IRXQGDWLRQ IDLOXUH LV UDUH EHIRUH WKH VXEVWUXFWXUH IDLOV DQG D VXUYH\ UHYHDOHG WKDW
LQVWDOOLQJGDPSHUVRUDGMXVWLQJSDVVLYHHDUWKSUHVVXUHHOLPLQDWHVWKHQHHGIRUVHLVPLFUHLQIRUFHPHQWIRUPDQ\EULGJH
IRXQGDWLRQV+RZHYHU WKH2II WKH3DFLILF&RDVWRI7RKRNX(DUWKTXDNHFDXVHGGDPDJH WRH[LVWLQJFRQFUHWH
SLOHVDQGFDLVVRQSLOHFDSVLQVWDOOHGLQVRIWJURXQGWKDWFDXVHGWKHKLJKZD\VRXWRIVHUYLFHIRUDORQJWLPH)RUWKDW
UHDVRQWKHGHYHORSPHQWRIDQHYDOXDWLRQPHWKRGIRUWKHVHLVPLFSHUIRUPDQFHRIH[LVWLQJEULGJHIRXQGDWLRQVDQGWKH





H[WUDODUJHGLVSODFHPHQWVKHDUFROODSVHZLOORFFXUDQG WKHEULGJHFROODSVHSUHYHQWLRQGHYLFHVZLOO IUDFWXUH ,I WKH
FROODSVHSUHYHQWLRQGHYLFHVRIWKHEULGJHEHKDYHXQQDWXUDOO\WKHIRXQGDWLRQZLOODFFHSWWKHHQWLUHVHLVPLFORDGDQG
LQWKHZRUVWFDVHWKHH[LVWLQJSLOHIRXQGDWLRQVZLOOFROODSVH




x 7KHWRSSDUWRIDEULGJHLVKHDY\ WKHUHIRUHHYHQLI WKHVWLIIQHVVRI WKHVXSHUVWUXFWXUHDQGWKHVXEVWUXFWXUHDUH




2.2. Method of seismic safety evaluation 
7KHQHHGVRIVHLVPLFUHLQIRUFHPHQWIRUH[LVWLQJSLOHIRXQGDWLRQVVKRXOGEHGHWHUPLQHGDFFRUGLQJWRWKHFXUUHQW
VHLVPLFGHVLJQPHWKRGDQGWKHUHTXLUHGVHLVPLFFDSDFLW\RIWKHVWUXFWXUH,QORFDOJRYHUQPHQWVKRZHYHUQRWHYHQ
VHLVPLF VDIHW\ HYDOXDWLRQ LVGRQHDSSURSULDWHO\ VRSURDFWLYHPHDVXUHV WRDFKLHYH WKHHVWDEOLVKPHQWRI DGLVDVWHU
UHVLOLHQW FRXQWU\ DUH GHPDQGHG 7KHUHIRUH LQ WKLV SDSHU WKH GLDJQRVWLF SURFHGXUH IRU VHLVPLF UHLQIRUFHPHQW RI
H[LVWLQJSLOHIRXQGDWLRQVLVSURSRVHGDVDUHIHUHQFHIRU ORFDODXWKRULWLHV>@7KHGLDJQRVWLFSURFHGXUHIRUVHLVPLF




VXEVWUXFWXUH)URP WKH UHVXOWVRI VHLVPLFVDIHW\HYDOXDWLRQ LI WKHUH LVDSRVVLELOLW\RIRFFXUUHQFHRI WKH IDLOXUHRI
IRXQGDWLRQVSULRUWRWKDWRIWKHVXSHUVWUXFWXUHRUVXEVWUXFWXUHWKHLPSOHPHQWDWLRQRIUHLQIRUFHPHQWZLOOEHGLVFXVVHG
ZLWK UHOHYDQWPDQDJHPHQWVHFWLRQV ,Q WKLVSURFHGXUH LW LV LPSRUWDQW WRFKHFNJHRORJLFDOVXUYH\VIRU OLTXHIDFWLRQ
HYDOXDWLRQVDQGWRFRQILUPZKHWKHUWKHUHLVDQ\DFWXDOGHJUDGDWLRQDQGGHIRUPDWLRQLQWKHSLOHIRXQGDWLRQ6HLVPLF
VDIHW\HYDOXDWLRQVVKRZWKDW LQ WKHFDVHVRIGHIRUPHGSLOH IRXQGDWLRQVZLWKUHPDUNDEO\ ORZVHLVPLF UHVLVWDQFHRU
SLOH EHQW IRXQGDWLRQV ZLWK LQVXIILFLHQW VHLVPLF FDSDFLW\ SLOH IRXQGDWLRQ UHLQIRUFHPHQW E\ ODUJHVFDOH UHSDLU LQ
WRJHWKHUZLWKVXEVWUXFWXUHUHLQIRUFHPHQWVKRXOGEHLPSOHPHQWHG$OVRDFRPSDULVRQRIWKHFRVWIRUUHEXLOGLQJWKH
EULGJHYHUVXVWKHFRVWIRUUHSDLUVZLWKUHLQIRUFHPHQWLVUHTXLUHG7KHPDLQSXUSRVHRIWKHVHLVPLFVDIHW\HYDOXDWLRQ
IRU H[LVWLQJ SLOH IRXQGDWLRQV LV WR SURSRVH D FRPPRQ XQGHUVWDQGLQJ RI WKH QHHGV IRU D SURSHU VHLVPLF VDIHW\
HYDOXDWLRQPHWKRGUDWKHUWKDQWRIRUFHWKHLPSOHPHQWDWLRQRIUHLQIRUFHPHQW
7KHFRPSRVLWHSLOHPHWKRG





7KH EDVLF DSSURDFK RI VHLVPLF UHLQIRUFHPHQW WHFKQRORJ\ IRU H[LVWLQJ SLOH IRXQGDWLRQV LV URXJKO\ GLYLGHG LQWR
IROORZLQJWKUHHW\SHV>@
(a) Reinforcing the strength of pile foundations 
,QRQHPHWKRG WKHVWUHQJWKRIH[LVWLQJSLOH IRXQGDWLRQV LV LQFUHDVHGE\ WKHDGGLQJQHZVWUXFWXUDOPHPEHUV LQ
DQRWKHU PHWKRG WKH VKHDU VWUHQJWK RI WKH VXUURXQGLQJ VRLO RI WKH SLOH IRXQGDWLRQ LV LQFUHDVHG WKURXJK JURXQG
LPSURYHPHQW
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(b) Transmitting earthquake load to good-quality ground 
7KLV PHWKRG LV WR FRQILUP WKDW H[LVWLQJ SLOH IRXQGDWLRQV DUH HPEHGGHG LQ WKH VXSSRUWLQJ OD\HU DQG VHLVPLF
UHLQIRUFHPHQWZLOOEHGRQHLIQHFHVVDU\
(c) Preventing shear strength degradation caused by liquefaction of the soil around the foundation 
5HSUHVHQWDWLYHVHLVPLFUHLQIRUFHPHQWWHFKQRORJLHVIRUH[LVWLQJSLOHIRXQGDWLRQVFRQVLVWRIIRRWLQJUHLQIRUFHPHQW
DGGLWLRQDO SLOHV DGGLWLRQDO GLDSKUDJPZDOOV DGGLWLRQDO VWHHO SLSH VKHHW SLOHV DGGLWLRQDO FDLVVRQV FUXVKHG VWRQH
FROXPQVDQGJURXQG VROLGLILFDWLRQ+RZHYHUPDQ\RI WKHSURSRVHG UHLQIRUFHPHQW WHFKQRORJLHV LQWHJUDWH H[LVWLQJ
SLOHIRXQGDWLRQDQGUHLQIRUFLQJPDWHULDOVDQGQRFOHDUYHULILFDWLRQPHWKRGIRUGHVLJQKDVEHHQV\VWHPDWL]HGEHFDXVH
RI WKH FRPSOLFDWHG EHKDYLRU RI VXFK D FRPSRVLWH VWUXFWXUH 7KHUHIRUH 5	' RQ D QHZ WHFKQRORJ\ IRU VHLVPLF
UHLQIRUFHPHQWKDVFDUULHGRXW,QWKLVWHFKQRORJ\WKHVHLVPLFUHVLVWDQFHRIH[LVWLQJSLOHIRXQGDWLRQZDVLQFUHDVHGE\
GHSOR\LQJJURXQGLPSURYHPHQWDURXQGSLOHIRXQGDWLRQFRQVWUXFWHGLQVRIWJURXQGDQGOLTXHILDEOHJURXQGDVVKRZQ
LQ )LJ  ,Q WKLV QHZ WHFKQRORJ\ JURXQG DURXQG WKH H[LVWLQJ SLOH IRXQGDWLRQ LV ILOOHG XS ZLWK VROLGLILFDWLRQ
LPSURYLQJPDWHULDOVLQSHDW\VRIWOLTXHIDFWLRQSURQHJURXQG7KHSHDW\VRIWJURXQGDQGOLTXHIDFWLRQSURQHJURXQG
KDYH WKH UHPDUNDEO\ ORZ VKHDU VWUHQJWK WKDW FKDUDFWHUL]HV VRIW JURXQG )LJ  7KLV UHLQIRUFHPHQW PHWKRG LV
WHQWDWLYHO\QDPHGDVWKHFRPSRVLWHSLOHPHWKRG7KHFRPSRVLWHSLOHPHWKRGLVGLIIHUHQWIURPFRQYHQWLRQDOPHWKRGV




VXUIDFH RI SDVVLYH IDLOXUHT  I I DQJOH RI VKHDU UHVLVWDQFH RI VRLO LW LV JHQHUDOO\ LJQRUHG IRU VRIW DQG
OLTXHILDEOHJURXQGVIURPWKHGHSWKRIWKHFKDUDFWHULVWLFOHQJWKRISLOHVEE kDE\IZKLFKLVWKHGHSWKRI
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6RLO LPSURYHPHQW LV W\SLFDOO\ FDUULHG RXW RQ ERWK WKH ORZHU SDUW ,PSURYHPHQW % DQG IURP WKH IRRWLQJ
IRXQGDWLRQ WR WKH XSSHU SDUW ,PSURYHPHQW $ ,PSURYLQJ WKH VRLO DW WKH IRRWLQJ IRXQGDWLRQ SDUW LV H[SHFWHG WR
LQFUHDVHWKHSDVVLYHHDUWKSUHVVXUH,QWKHVRLOLPSURYLQJZRUNLIWKHVLWHFRQGLWLRQVPDNHLWGLIILFXOWWRLPSURYHWKH
VRLO LPPHGLDWHO\ XQGHU WKH IRRWLQJ IRXQGDWLRQ WKH LQQHU VLGH RI SLOHV LV OHIW QRQLPSURYHPHQW (YHQ WKRXJK WKH
LQQHUVLGHVRLORISLOHVXQGHUWKHIRRWLQJLVQRWLPSURYHGWKHLPSURYHGJURXQGERG\DURXQGWKRVHSLOHVZLOOUHVLVW
WKH VKHDU GHIRUPDWLRQ RI LQQHU VLGH VRLO GXULQJ DQ HDUWKTXDNH WKHUHIRUH LW LV DVVXPHG WKDW H[FHVV SRUH ZDWHU
SUHVVXUHLQWKHLQQHUVLGHVRLORISLOHVLVDEOHWREHUHVWUDLQHGDQGSRWHQWLDOOLTXHIDFWLRQEHDYRLGHG,QDGGLWLRQLI
WKH LPSURYHPHQW DUHD QHHGV WR EH UHGXFHG LQ VL]H GXH WR WKH VLWH FRQGLWLRQV RU LI D FRIIHUGDP QHHGV WR EH








qX!  N1P $QG LQ WKH VHLVPLF GHVLJQ RI WKLV FRPSRVLWH SLOHPHWKRG IROORZLQJ WKH FXUUHQW VHLVPLF GHVLJQ
PHWKRGVHLVPLFSHUIRUPDQFHDJDLQVWHDUWKTXDNHPRWLRQRI/HYHOLVYHULILHGZLWKWKHVHLVPLFFRHIILFLHQWPHWKRG
ZLWK D VSULQJ PRGHO RI WKH LPSURYHG ERG\ DQG VHLVPLF SHUIRUPDQFH DJDLQVW HDUWKTXDNH PRWLRQ RI /HYHO  LV
YHULILHGZLWK WKH XOWLPDWH ODWHUDO VWUHQJWKPHWKRG GXULQJ HDUWKTXDNH DQG G\QDPLF UHVSRQVH DQDO\VLV RU G\QDPLF
QRQOLQHDU)(0DQDO\VLVZLWKGHVLJQEDVHZDYHPRWLRQ>@
5HVXOWRIWKHODUJHVFDOHVVKDNLQJH[SHULPHQWV
4.1. Experiment outline 
9HULILFDWLRQ RI VHLVPLF SHUIRUPDQFH RI SLOH IRXQGDWLRQ ZLWK WKH FRPSRVLWH SLOH PHWKRG WKURXJK ODUJHVFDOH
VKDNLQJ H[SHULPHQWV LV EULHIO\ GHVFULEHG DV IROORZV$ OD\HUV ODPLQDU ER[ZLWK LQQHU GLPHQVLRQV RI /P [
:P[+PZDV ORDGHG RQ WKH ODUJHVFDOH VKDNLQJ WDEOHZLWK RQH VKDNLQJ GLUHFWLRQ DQG VHUYHG DV DPRGHO
FRQWDLQHUIRUWKHH[SHULPHQWV)RXU6*3VWHHOSLSHVZLWKWKHGLDPHWHURIPDQGWKHZDOOWKLFNQHVVRI
PZHUHXVHGWRIRUPWKHJURXSSLOHIRXQGDWLRQ)RXUW\SLFDOFDVHVRIH[SHULPHQWVZHUHFDUULHGRXW,Q&DVHWKH
PRGHO JURXQGZDV IRUPHGZLWK WKUHH VRLO OD\HUV 7KH WRS OD\HUZLWK D WKLFNQHVV RI P HTXLYDOHQW WR WKH SLOH
FKDUDFWHULVWLFV OHQJWK ȕZDVXQWUHDWHGSHDW7KH LQWHUPHGLDWH OD\HUZLWKD WKLFNQHVVRIPZDVQDWXUDO VRLO
7KHEDVH OD\HUZLWKD WKLFNQHVVRIPVHUYHGDVDEHDULQJVWUDWXP ,Q&DVH WKHJURXQGPRGHOKDG WKHVDPH
SURILOHDV&DVHDQGWKHDUHDRISHDWWRSOD\HUDURXQGWKHSLOHZDVWUHDWHGE\XVLQJJURXQGLPSURYHPHQWqX 







4.2. The case of peat soft ground 
,QWKHH[SHULPHQWVIRU&DVHVDQGZLWKSHDWVRIWJURXQGWKHLQSXWHDUWKTXDNHPRWLRQZDVVHWDW/HYHOLQWHU
SODWH W\SH HDUWKTXDNH 6WURQJ HDUWKTXDNH PRWLRQ UHFRUGHG IURP WKH  2II WKH 3DFLILF &RDVW RI 7RKRNX
(DUWKTXDNH7\SH,IRUVHFZDVGLUHFWO\LQSXWWRWKHEDVHRIVKDNLQJWDEOH)LJ
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
)LJ,QSXW/HYHOHDUWKTXDNHPRWLRQIRU&DVHDQG&DVH
7KH UHVXOWVRI VKDNLQJH[SHULPHQWV IRU WKHFDVHRISHDW VRIWJURXQG VKRZ WKDW WKHSLOHKHDGGLVSODFHPHQWZLWK
/HYHOHDUWKTXDNHPRWLRQZDVy PPLQ&DVHZLWKXQWUHDWHGSHDWVRIWJURXQGDQGLWZDVy PP
LQ &DVH  ZLWK FRPSRVLWH SLOH PHWKRG 7KH UHVXOWV YHULILHG WKDW WKH SLOH KHDG GLVSODFHPHQW ZDV UHPDUNDEO\
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
)LJ3LOHGHIRUPDWLRQDIWHUVKDNLQJH[SHULPHQW&DVH
4.3. The case of liquefiable ground 
,QWKHVKDNLQJH[SHULPHQWV&DVHVDQGZLWKOLTXHILDEOHJURXQGVLQHZDYHVZLWKWKHPD[LPXPDFFHOHUDWLRQRI
 JDOZHUH XVHG DV WKH LQSXWPRWLRQ IURP WKH EDVH RI VKDNLQJ WDEOH 7KHPRGHO RI&DVH  DIWHU VKDNLQJZLWK
REYLRXV OLTXHIDFWLRQRQ WKHJURXQG ,Q&DVHZLWKFRPSRVLWHSLOHPHWKRG DOWKRXJK OLTXHIDFWLRQRFFXUUHG LQ WKH
JURXQGDURXQG WKH LPSURYHGERG\VLQFH WKHGLVSODFHPHQWRIJURXSSLOHZDVUHVWUDLQHGQR OLTXHIDFWLRQXQGHU WKH
IRRWLQJZDVFRQILUPHGIURPWKHPHDVXUHPHQWRIH[FHVVSRUHZDWHUSUHVVXUH,Q)LJ WKHFRPSDULVRQRI&DVHV
DQGLQVHLVPLFSLOHGHIRUPDWLRQZLWKVLQHZDYHRILGHQWLFDOPD[LPXPDFFHOHUDWLRQV\QFKURQL]HGZLWKWKHQDWXUDO
SHULRG RI WKH ODPLQDU ER[ VKRZV WKDW WKH PD[LPXP VHLVPLF GHIRUPDWLRQ ZLWK WKH FRPSRVLWH SLOH PHWKRG ZDV
UHGXFHGWRDERXWy PPIRU&DVHDQGy PPIRU&DVH
,Q&DVHWKHLPSURYHGERG\ZDVQRWGDPDJHGDQGGHFOLQLQJWHQGHQF\LQWKHSLOHVWUDLQZDVIRXQGFRPSDULQJ
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&RQFOXVLRQV
7KHVHLVPLFUHLQIRUFHPHQWPHWKRGVDQGWKHLUGHVLJQSURFHGXUHVIRUH[LVWLQJEULGJHIRXQGDWLRQVZHUHUHYLHZHG




























>@ 3XEOLF :RUNV 5HVHDUFK ,QVWLWXWH 6WXG\ RQ WKH VLPSOLILHG HYDOXDWLRQ SURFHGXUH IRU VHLVPLF SHUIRUPDQFH RI H[LVWLQJ KLJKZD\ EULGJHV
WHFKQLFDOUHSRUW
>@ .7RPLVDZDDQG61LVKLPRWR 6HLVPLFGLDJQRVLV IORZ IRU H[LVWLQJ VWUXFWXUH IRXQGDWLRQV0RQWKO\ UHSRUWRI&LYLO(QJLQHHULQJ5HVHDUFK
,QVWLWXWH1RDSS
>@ 1DWLRQDO,QVWLWXWHIRU/DQGDQG,QIUDVWUXFWXUH0DQDJHPHQW7HFKQLFDOQRWHRQVHLVPLFUHWURILWGHVLJQRIH[LVWLQJEULGJHV
>@ .7RPLVDZDDQG61LVKLPRWR6HLVPLFUHLQIRUFHPHQWWHFKQRORJ\IRUH[LVWLQJSLOHIRXQGDWLRQLQWHJUDWHGZLWKLPSURYHGERG\aH[SHULPHQWDO
YHULILFDWLRQRIVHLVPLFHIIHFWLYHQHVVRI WKHFRPSRVLWHSLOHPHWKRG3URFHHGLQJVRI WKHWKQDWLRQDOV\PSRVLXPRQJURXQGLPSURYHPHQW
ESS
